In the non-relativistic regime, pertinent to the large scale structure of the Universe, the leading effect of a long-wavelength perturbation δ(λL) on short distance physics is a uniform acceleration ∝ λLδ(λL). Typically, this has no effect on statistical averages at equal time since a uniform acceleration results in a uniform translation -a reasoning that has been formalized as a "consistency condition" on the cosmological correlation functions. This naive expectation fails in the presence of the baryon acoustic feature provided λL < ℓBAO. We derive the squeezed limit of correlation functions in this regime.
Local experiments performed in a small laboratory cannot reveal the existence of a long-wavelength matter density perturbation δ L (x, t) = δ q (t) cos q · x. By equivalence principle, the laboratory and all of its belongings fall with a uniform acceleration −∇Φ L (x lab , t), where Φ L (x, t) = −4πGa 2ρ (t)δ L (x, t)/q 2 , andρ(t) is the mean matter density of the Universe. However, two distant laboratories with separation larger than 1/q experience different accelerations. A distant observer sees a clear correlation between the relative motion of the two and the underlying density perturbation.
The small laboratories of the cosmologist, like stars and galaxies, are observed at a single point in their lifespan. Hence, the relative motion of any given pair is impossible to determine. What is possible is to see how the distribution of pairs is correlated with δ L . In the field of a long-wavelength mode, any galaxy has moved by ∆x = δ q (t) sin(q · x) q/q 2 .
This gives
where ξ g (x, t) is an average 2-point correlation function. Not surprisingly, the distribution of pairs with separation much less than the long wavelength, q · x ≪ 1, is hardly effected by the long mode. The second line would in this case correspond to the effect of living in an over (under) dense Universe. An effect of order δ L x|∇ξ g |, which for an approximately scale invariant spectrum, |∇ξ g (x, t)| ∼ ξ g (x, t)/x, is comparable to contributions which are neglected anyway on the right-hand side. However, even if q · x ≫ 1, when we do expect the long-wavelength mode to induce a large relative motion, the second line of (2) is often negligibly small. Scale invariance now implies that it is of order δ L ξ g /qx. A large relative motion is noticeable only if the distribution of pairs has a preferred length scale. One such scale does exist at the baryon acoustic peak. For x ∼ ℓ BAO ,
where σ is the width of the peak. Correlating (2) with δ(q, t), we obtain
where P lin (q, t) is the linear matter power spectrum and the corrections are sub-dominant as long as q ≪ σ −1 . In momentum space, we have for
where P w g (k, t) is the power in the acoustic peak: the Fourier transform of ξ g after the subtraction of a scaling background. In terms of the full power, the right-hand side can be written as
which can be generalized to higher point statistics. The above difference of power spectra is normally assumed to be of order q in the derivation of squeezed limit consistency conditions. This has led to the conclusion that the 1/q contribution to the squeezed limit bispectrum vanishes at equal times (see e.g. [1] [2] [3] ). Evidently, this is not the case in the presence of the acoustic feature since P g (k, t) has an oscillatory component with period 2πℓ
Our derivation has two underlying assumptions: the equivalence principle, and the absence of primordial local non-Gaussianity. Therefore, it holds beyond the standard perturbation theory, and to all orders in the displacement field ∆x (see e.g. [4] ). Intuitively, the above result describes how galaxy pairs, which are more likely to be found at distance ℓ BAO , are moved to larger or smaller separations in the presence of a long-wavelength mode. When averaged over the long modes, the result would be a slightly wider acoustic peak. This broadening can be obtained, by using the squeezed limit formula (5) in the one-loop calculation of the correlation function,
